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Toronto Water is developing a new detailed urban drainage model of the City's combined 
service area. The traditional manual delineation of sewersheds by the City of Toronto, deemed 
a tedious and subjective process, was not efficient enough to develop the large model. Instead, 
an automated approach was developed relying upon the powerful Arc Hydro Engine that helps 
eliminate the subjectivity of the former process and potentially holds great promise in being 
applied elsewhere. The process considers the topography of the urban environment by burning 
in both the roads and storm and combined sewers with catch basins attached to them while 
raising the elevation of the raw digital elevation model (DEM) where buildings are located 
utilizing the map algebra function. The result is one storm sewershed for every storm pipe with 
at least one catch basin attached to it. Such an allocation is ideal for advanced modelling 
software such as InfoWorks CS being used in this case, as it allows for the assignment of one 
upstream node per sewershed as is required by the program. Relying upon existing parcel 
boundaries used in the manual delineation of sanitary sewersheds, it was possible to automate 
the task process of creating these sewersheds in a process that requires minimal programming 
knowledge. It relies upon the freely available Infrastructure editing toolbar and geometric 
networks in ArcGIS to create sewersheds that link each parcel to its nearest upstream node by 
using the edge of each parcel and assuming that the side facing the sewer line is the frontage of 
each parcel. From the 21,572 pipes in the model, over 9,800 sanitary sewersheds and over 





Distributed urban drainage 1-D models offer the advantage of providing more detail than 
traditional lumped models and hence their usage has been on the rise in the past several years 
[1]. However, distributed models also have a disadvantage when compared to lumped models. 
In order to generate more comprehensive results, the model itself has to be more detailed. That 
means the model is detailed down to nearly a pipe-to-pipe basis as was the case in the City of 
Toronto, Canada. Prior to the development of the model created in part using the tools 
presented here, Toronto Water had a lumped model of almost the entire combined service area 
for the City of Toronto known as the BPR model, which only included pipes that generally had 
a diameter of 750 millimeters or greater. While this model was adequate to run major 
simulations of the system, it was inadequate for simulating the effects that an addition, such as a 
proposed condominium, might have on existing sewer infrastructure. Furthermore, the City had 
already developed smaller more detailed isolated models for selected portions of the City where 
basement flooding studies had been conducted, though there still remained some core areas that 
had no distributed model that could be relied upon. 
       On June 28, 2012, the Canadian federal government introduced the Wastewater Systems 
Effluent Regulations (WSER). Under these new rules, each municipality needs to report the 
occurrence, the volume and frequency of effluent releases from its  Combined Sewer Overflow 
(CSOs) locations, on an annual basis to Environment Canada starting February 15, 2014 [2]. 
The City of Toronto (the City) currently has about 300 CSO locations within an area of 
approximately 16,550 hectares The City is now undertaking a study by using the approach of 
GIS-based hydrologic and hydraulic modeling to estimates its CSOs. The existing BPR model 
could not be relied upon entirely because it did not contain all the CSO outfall points that had to 
be reported on individually, and hence a new model had to be created. In order to create this 
new model, the City of Toronto has engaged Ryerson University researchers, hereon referred to 
as the Ryerson University Team (RUT), to help develop the model for the portions labeled as 
Interceptor and Coxwell as seen in Figure 1 since February 2013.  
 
Figure 1. Map displaying pipe network covering the 2 regions that the RUT was responsible for 
modeling  
 
While the model was not being built entirely from the ground up as most of the pipes had 
previously been digitized, they needed new dry weather flow (DWF) sewersheds to simulate 
normal sanitary baseflow conditions, and wet weather flow (WWF) sewersheds to simulate 
inflow from precipitation events. Normally, city staff or consultants would create these input 
features manually. However, such an approach was considered untenable as that meant creating 
potentially 21,572 sewersheds which was the total number of pipes in the area of the City of 
Toronto that the RUT was responsible for modeling. Therefore, it was decided to attempt to 
create these sewersheds by creating new automated methods tailored specifically for the City, 
but could be potentially applied elsewhere by incorporating existing automation methods.  
 
DRY WEATHER FLOW SEWERSHEDS  
 
  Traditionally, DWF sewersheds have been modeled on a manual basis for urban 
environments because of the complexity of such environments [3]. The logic behind the 
creation of a dry weather flow sewershed is not consistent for each municipality. In the case of 
Toronto, each parcel should be linked to the nearest local sanitary or combined pipe. In 
addition, the road or street portion should be also be split up so that the portion closest to each 
pipe is also part of the sewershed for each pipe, ensuring that the upstream node of each pipe is 
part of that sewershed as seen in Figure 2. While other automated methods have been created, 
such as the various methods developed by Chen et al. (2003), they rely upon the outdated 
Avenue programming language and are unable to split the roads as the City of Toronto requires 
[3]. 
 
Figure 2. Map of a single manually delineated sewershed 
 
The automated method developed in this project relies upon the infrastructure editor 
toolbar which utilizes geometric networks for modelling features. Geometric networks are 
special networks in ArcGIS, that are sets of connected edges or lines and junctions or points, 
that are used to model infrastructure from the real world, such as a sewer network in a GIS 
environment [4]. By relying upon this toolbar, it allows the analyst to readily visualize which 
parcel connects to each pipe, allowing undesired results to be quickly corrected. It also allows 
access to the many benefits of using a geometric network, such as being able to trace upstream 
and downstream. The reason why such capability is important is that the City and perhaps other 
municipalities currently rely upon additional software such as Innovyze's InfoNet to perform 
such tracing instead of carrying it all out within ArcGIS. 
The layers that were used to implement this method were as follows: 
City Parcels Layer (polygon feature class) 
Sewer Pipes (line feature class) 
Road Corridors Layer (polygon feature class) 
Manhole Locations (point feature class) 
Boundary of Study Area (polygon feature class) 
The first step of the automated approach was to select the appropriate pipes from the 
existing pipe networks in the Toronto Water Asset Geodatabase (TWAG). In order to do this, a 
tool was created that relies upon an input boundary layer for the region of study and selects 
pipes that are either  identified as "combined" or "sanitary" based on the attribute field 
"FLOW_TYPE". Similarly, the manhole locations, parcels and road corridors layers were 
extracted using this layer and the clip function. After this, the new road layer was put through a 
frontage point tool. This tool incorporates the logic that the sanitary outflow pipe of each parcel 
in the City of Toronto normally follows the frontage of the building on it or the side of the lot 
that faces towards the road. As such, this tool creates a 0.5 metre full buffer around the road 
corridors layer, which in turn creates an area of overlap through which the union function 
becomes a new feature upon which the centroid is extracted as seen in Figure 3. Of course, this 
tool does not work equally effectively on all parcels since some of these are surrounded by 
other parcels on all sides. In such situations, the centroid was used and therefore had to be 
merged with the rest of the frontage nodes before proceeding which was automatically done by 
this tool.  
 
Figure 3. Map displaying the frontage nodes created to be used to determine which pipe each 
parcel was closest to 
Afterwards, all the clipped shapefiles were imported into a new ESRI file geodatabase, 
which is a propriety database format developed by ESRI so that the appropriate features could 
be turned into part of a geometric network from a feature dataset within this geodatabase, as it 
is only possible to create a geometric network from a feature dataset [4]. The features that were 
part of this feature dataset used to create the geometric network were the sewer pipe, manhole 
locations and frontage node feature classes. Next, the infrastructure editing toolbar, part of the 
freely available Water Utility Network Editing for ArcGIS 10, had to be installed before 
proceeding [5].  
Once it had been ensured that the toolbar had been installed and the desired fields such as 
the "UP_ASSET_ID" were added to the frontage node layer that were to be copied from the 
pipes layers to the frontage nodes layer, it was possible to proceed. The configuration file, 
which is a XML file, also had to be adjusted so that the "Add a Lateral" function seen in Figure 
4 was now used to create artificial or pseudo laterals that would connect each frontage node that 
is representative of the frontage of each parcel to the closest pipe. After selecting all the 
frontage nodes and using the modified "Add a Lateral" function to add a surrogate or proxy 
lateral from each pipe to each node, it was possible to use the join function based on the 
ObjectID field to join the closest pipe from each frontage node to its respective parcel. At this 
point, all that had to be done was use the dissolve function to create the DWF sewersheds, 
excluding the roads. 
 
Figure 4. The add a lateral tool that was reworked to create the artificial laterals used to create 
the DWF sewersheds  
 
In order to include the road in the DWF sewershed as required by the City of Toronto, two 
methods were developed, with one being presented here. To begin, one had to select all the 
utilized pipes and create buffers for each of these pipes to ensure full coverage. In the case of 
this study region, a range between 20 to 40 metres was determined to be appropriate. 
Afterwards, this layer had to be erased using the parcels layer to ensure that none of the buffers 
extended beneath the parcels. Also, because there was still overlap among road parcels, 
especially in areas where the pipes curve or where there was intersection of pipes, this had to be 
addressed through the creation of another tool. Essentially, the tool would convert the 
overlapping polygon layer into a raster array. Once in a raster environment, all the overlaps 
were automatically eliminated and it was converted back into a vector based polygon shapefile 
or feature class. After this, the tool automatically applied the simplify polygon function before 
outputting the corrected shapefile to minimize the number of vertices. The road portion, 
generated by the tool, was then automatically merged and dissolved with the processed parcels 
layer and the automatically delineated sewersheds were fully completed as seen in Figure 5. 
 
 
Figure 5. A sampling of the DWF sewersheds generated using the automated approach is 
presented here 
WET WEATHER FLOW SEWERSHEDS 
 
WWF sewersheds have also been traditionally created manually by the City of Toronto's staff, 
though for non-urban environments such as natural landscapes, it has been quite common for 
them to be generated automatically [6]. As such, past automated methods and practices were 
incorporated. These methods included using the raster calculator and editing the Digital 
Elevation Model (DEM) by burning in the roads to compensate for the differences between 
these environments [7].  
The logic behind the manual method for WWF sewershed delineation is that water will 
follow the steepest path down and therefore will drain into a pipe though it can only drain into a 
pipe if it has catch basins attached to it, assuming a 100% downspout disconnection rate. 
Therefore, in the manual method, if there are several properties and they are sloped such that 
water will flow towards their backyard where there is a catch basin attached to a storm pipe 
present, it is assumed the water will flow to this pipe and so it is delineated accordingly. In most 
cases, water is assumed to exit the property through the front yard and onto the street since most 
of the properties are graded in the city so that water will flow on to the street. The issue with the 
manual method is that it does not always follow the path of water because the parcels were 
being used as the boundaries of the sewersheds. Therefore, the automated method was 
developed to provide more realistic flow paths by not conforming to these artificial parcel 
boundaries and hence why it was chosen. 
The layers that were used to implement this method were as follows: 
3-Meters Horizontal Resolution Digital Elevation Model (DEM) (Raster File) 
Catch Basin Locations Layer (point feature class) 
Catch Basin Leads Layer (line feature class) 
Storm and Combined Pipes Layer (line feature class) 
Manhole Locations Layer (point feature class) 
Buildings Polygon Layer (polygon shapefile) 
Boundary of Study Area Layer (polygon feature class) 
In the automated method, developed for WWF sewersheds, the first step was to download 
and utilize the Arc Hydro Model from ESRI, since this method relies heavily upon its tools to 
create the sewersheds. After that, it was necessary to clip the input raster to the boundary of the 
study area in order to minimize the processing time. In this study, the DEM was resampled to 
0.5 meters horizontal resolution. Once that was completed, the DEM was filled so as to remove 
any spurious sinks, since this has been noted to be quite common in DEMs [5].  
Once a DEM with no spurious sinks was generated, a modified Toronto Centerline Layer 
(TCL) which included selected streams, roads and other linear features that could be considered 
low points and hence where water would flow towards or along, was burnt in by lowering the 
DEM 0.5 meters in these regions using the reconditioning function which is an ESRI tool 
available in Arc Hydro. Afterwards, the building layer was used to clip the already clipped 
raster layer, and then using the algebra calculator, it was used to raise these regions by 10 
meters so as prevent water from flowing through buildings. After this, the pipe network was 
burnt in using only those pipes with catch basins attached to them by using the catch basin leads 
layer.  
Subsequently the DEM was once again filled to compensate for any sinks that might have 
been created in the previous step. Next, the stream to grid function was used with the pipe 
network as the input stream network so that each pipe would have its own sewershed. The 
output from this was then used to create the sewershed as a raster and then as polygons using 
tools all found in Arc Hydro. In order to add the appropriate attribute information to each 
sewershed, a spatial join was performed between the input pipe network and the resulting 
drainage lines. Then the centroid of each of these drainage lines was generated and used to add 
the pipe information to the previously generated sewershed polygons, resulting in WWF 





In conclusion, the automated methods presented here, while based on the layers available 
through the City of Toronto, could be easily modified to conform to the needs of other 
municipalities as it is likely that they have begun to digitize their assets in a similar fashion. 
Nonetheless, it should be stressed that whenever relying upon automated methods such as those 
presented, data quality is key, as any errors within input layers will be magnified in the layers 
generated. In addition, these tools should be viewed as a means of jumpstarting the delineation 
Figure 6. A sampling of the WWF sewersheds generated using the automated approach 
presented here 
process and not a complete solution or producing a final polished product that is ready for input 
into a model. Instead, manual adjustments undoubtedly will be necessary though it is hoped that 
these approaches will help save countless hours of manual and tedious labor, normally 
associated with the delineation process. In fact, the City of Toronto has so much hope in these 
methods that they plan to use them to use the final versions of them to delineate DWF and 
WWF sewersheds for the remaining regions of the city that are without a detailed model in 
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